. Phylogenetic position of Javan banteng (Bos javanicus javanicus) from conservation area in Java base on mtDNA analysis. Biodiversitas 20: 3352-3357. Two of three subspecies of banteng (B. javanicus) can be found in Indonesia, namely B. j. lowi and B. j. javanicus. The taxonomic assignment of the two subspecies is still in the discussion researchers currently. One of the reproductive characters of members the Bovidae family, including the banteng, is known to have interbreeding ability between species and can produce fertile offspring. In some places, there exist grazing cattle near or in the banteng's natural habitat. This phenomenon aimed to provide banteng mates with cows, which later they will breed high-quality offsprings. Regarding interbreeding capability, this condition can be a threat to the genetic purity of wild banteng. The main objectives of this study were to identify the phylogenetic position of Javan banteng from conservation areas in Java in relation to the other taxon and detect their genetic purity. We analyzed 28 cytochrome b and d-loop region sequences of Javan banteng from feces materials of four conservation areas (Ujung Kulon National Park, Alas Purwo National Park, Meru Betiri National Park, and Baluran National Park). We compared our data with reference sequences data of the other Bovidae species and Capra hircus as outgroup. The reference data was taken from NCBI, and they were analyzed using maximum likelihood. The results showed that Javan banteng was in a different group from other taxa. Separation of subspecies B. j. javanicus and B. j. lowi occurred circa 1.25 mya. The results from this study suggested that there is no indication of genetic introgression between Javan banteng and the (domesticated) cattle.
INTRODUCTION
Banteng (Bos javanicus d'Alton, 1826) is divided into three subspecies, namely, Bos javanicus birmanicus that is found in mainland of Asia; Bos javanicus lowi which is scattered in many parts of Kalimantan mainland; and Bos javanicus javanicus which is found in some locations in Java island (Hogerwerf 1970; Gardner et al. 2014; Castello 2016) . The current distribution of Javan banteng (B. j. javanicus) in the Java island can be grouped into two regions, namely, in the western region of Java, i.e., Ujung Kulon National Park (UKNP) and the eastern region, i.e., Meru Betiri National Park (MBNP), Baluran National Park (BNP) and Alas Purwo National Park (APNP) (Hakim et al. 2015) . The Bornean banteng (B. j. lowi) spread mostly in Kutai NP and Kayan Mentarang NP.
In general, wild banteng is often found in semi-open forests with grasslands (Garsetiasih 2013; Matsubayashi et al. 2014; Gardner et al. 2014 ) and mineral source such as shoreline or saltlick sources area (Hoogerwerf 1970; Whitten et al. 1996; Hedges and Meijaard 1999; Imron et al. 2016) . The taxonomic position of two banteng groups (B. j. javanicus and B. j. lowi) from Indonesia is still unclear (Timmins et al. 2008) . Based on morphological characters, the body size of the Bornean banteng was smaller than the other subspecies (Hogerwerf 1970; Matsubayashi et al. 2014; Castello 2016) .
Several habitats of banteng in conservation areas in the Java island has a serious threat, such as, the existence of settlements that are too close to the protected area (Sutarno and Setyawan 2016) . Such situations occur in Meru Betiri NP, which has plantation areas and settlements within (enclaves), and it is also used as a Javan banteng habitat (Garsetiasih 2012) . In BNP there are some people raising livestock without cage and using grazing areas in the territory of the national park (Pudyatmoko et al. 2018) . Subspecies B. j. birmanicus are found to lived sympatrically with gaur (B. frontalis) and kouprey (B. sauveli) groups in Cambodia (Hassanin and Ropiquet 2007) . Indonesia's Bornean banteng (B. j. lowi) in feeding ground of Long Tua, Kayan Mentarang NP, North Kalimantan, have been reported to live with cattle until 1992 (Hedges and Meijard 1999) . Such condition of wild banteng habitats that were being too close to feral herd domestic cattle raises a concern about the genetic purity of banteng. This concern is supported by the fact that the Bovidae group has excellent potential for interbreeding between species in the same genus (Martojo 2012) . The Cambodian banteng (B. j. birmanicus) have interbred with domesticated cattle around the area, and it resulted in 3353 kouprey, B. sauveli (Hassanin and Ropiquet 2007) .
Mitochondrial DNA (mtDNA) is genetic maternal inheritance, and it can be used as a determinant of organism evolution by genetic position (Winaya 2010) and also determine the genetic purity of a species (Allendorf and Luikart 2007) . Information about the banteng phylogenetic position and their genetic purity have been published, but these studies used Cambodian and Bornean banteng only (Hassanin and Ropiquet 2007; Matsubayashi et al. 2014; Gardner 2014) . As we know, the previous study used Javan banteng from natural populations as samples were not complete yet. The samples that used before have been carried out such as in Alas Purwo NP or Meru Betiri NP only (Wisesa et al. 2012; Sawitri et al. 2014) . The other previous research that also using noninvasive samples of Javan banteng had purposed to identify haplotype of banteng and analyzed only on one mtDNA region (Qiptiyah et al. 2019) . This study aims to analyze that B. j. javanicus from the conservation area has a different phylogenetic position from B. j. lowi and also to identify the genetic purity of the Javan banteng in its natural habitat from the genetic introgression of cattle.
MATERIALS AND METHODS

Study area
Samples of feces as the genetic material of banteng were obtained from Java, i.e. UKNP of West Java, BNP, APNP, and MBNP of East Java (Figure 1) . A sampling of genetic material at UKNP and APNP was carried out mainly in grazing fields that are still frequently visited by banteng, namely: Cigenter and the Cidaon feeding ground (UKNP); and Sadengan feeding ground and aircraft runways for patrolling (APNP). Meanwhile, in Baluran NP and Meru Betiri NP, the collection of genetic material was done by exploring around the drinking site due to the difficulty of finding banteng. Banteng at Meru Betiri NP left the Pringtali feeding ground due to a land-use conflict with the community so that people drove away wildlife, including banteng, by firing fireworks every night.
Samples for molecular work come from the epithelial cells of banteng's intestine that have decayed along with the discharge of feces. Epithelial cells are generally found on the outside of the feces because the outer surface of feces touches the intestinal wall. The sample was taken from the outside surface of the fresh stool. Stool that has been too long exposed to the sun is at risk of DNA damage (Waits and Paetkau 2005) . However, some of the samples were somewhat dried up but could still be used for DNA analysis, even though the concentration was small.
The sample collection was carried out during drought or low rainfall intensity to avoid degradation of the epithelial cell into feces so that banteng DNA could not be obtained successfully (Farrel et al. 2000; Lampa et al. 2008; Brinkman et al. 2010) . The samples were collected in September 2015 and September 2016. The samples were inserted into the fecal tube and preserved with absolute ethanol. Transporting the samples process was conducted at ± 4°C to keep the freshness of samples and to avoid DNA degradation. The DNA analysis was carried out at the Molecular Genetic Laboratory of Center for Forest Biotechnology and Tree Improvement Research and Development, Yogyakarta, Indonesia. Procedures DNA isolation was started by taking the material of about 0.5 grams from the outside surface of the feces, using QiaAmp Stool Mini Kit from QIAGEN. The DNA isolation was following the modified protocols in the ASL buffers incubation section (Mondol et al. 2009; Gardner 2004; Qiptiyah et al. 2019) . DNA Amplification of the dloop region used BovmtFP primer (5' CAT CTA AAA CGG TCC ATT CTT TTC TC 3') and BovmtBP primer (5' ACT CAT CTA GGC ATT TTC AGT 3'), following the previous research that had used these primers for Bali cattle (Wisesa et al. 2012 ). In the cytochrome b region, we used 1F primer, with the nucleotide sequence of 5' ATC CTC ACA GTA CTA TTC CTA GCA ATA CA 3' and 1R, with nucleotide sequence 5' GGT AAG GGT TGC TTT ATC TGA GAA TC 3', that also followed the previous research (Gardner 2014; Qiptiyah et al. 2019) .
PCR amplification was using the KAPA Biosystem in the Pro-Flex PCR System machine. The total volume reaction consisted of 50µl, consisting of 50 ng DNA; 1 x KAPA 2G Fast Ready Mix; 0.1 mg of Bovine Serum Albumin (BSA); 0.25 mM for each forward and reverse primer. The optimum PCR condition consisted of predenaturation of DNA for 5 minutes at 94 °C. Furthermore the PCR process was conditioned for 35 cycles of denaturation of DNA for 30 seconds at 94 °C, primer annealing for 30 seconds at 55° C and extension for 1 minute 30 seconds at 72° C. The PCR processes were terminated by the final extension for 7 minutes at 72° C. The amplicon were visualized on 1.5% agarose gel electrophoresis at 120V voltage for 1 hour. Gels were imaged using BioRad UV GelDoc. The amplicons were then purified and sequenced partially using the Big Dye Terminator v3.1 Cycle Sequencing Kit and ABI PRISM 3730xl Genetic Analyzer (Applied Biosystem, USA) machine in First BASE Laboratories. The results sequences were compared to the nucleotide sequence database from the NCBI GenBank using BLAST methods to confirm species identity.
Data analysis
Both the d-loop and cytochrome b region partial sequences were aligned with the reference sequences (Table 1) used CLUSTAL W in BioEdit 7 software (Hall 1999) . The analysis of the phylogenetic tree used maximum likelihood, with 1000 bootstrap. The molecular time divergence analysis used RelTime method with specific time constraint among Bison bison bison and B. grunniens (their divergence time 3.89 to 5.53 mya), that accorded to previous research (Hassanin and Ropiquet 2007; Gardner 2014) . The genetic distance of this study was calculated using Tamura-Nei model (Tamura and Nei 1993) . Both the phylogenetic tree, molecular time divergence, and genetic distance analyses were carried out using MEGA 7 software (Kumar et al. 2016) . The outgroup that used in this analysis was Capra hircus (NC005044, Gardner 2014) .
RESULTS AND DISCUSSION
The results from multiple alignments of the entire sample found that the sequence obtained in the cytochrome b region was 345 bp, and in the d-loop region was 373 bp, with the total base length was of 718 bp. The nucleotide compositions were Adenin (30.2 %) with the highest frequency and G (16.2%) with the lowest frequency.
Based on the analysis of mitochondrial DNA in the cytochrome b and d-loop region, all the Javan banteng sequences from four natural populations were in one group (Figure 2 ). Our phylogenetic tree in this study is not identical to phylogenetic trees in other studies (Hassanin and Ropiquet 2007; Matsubayashi et al. 2014; Gardner 2014) . Based on the phylogenetic tree result in this study, the Javan banteng is more related to B. indicus compared to other members of the subspecies, such as B. j. lowi and B. j. birmanicus. This result is not consistent with the results from previous studies, which found that B. j. javanicus is separated from B. indicus (Matsubayashi et al. 2014; Gardner 2014) . A possible explanation for the difference is because each researcher analyzed using a shorter sequence, that resulted in a different phylogenetic inference. Arif et al. (2012) stated that the use of complete genomes of mitochondrial DNA produced higher resolution and more stable, compared to the use of single gene or shorter sequences.
Differences in phylogenetic tree are also found in similar studies, as a result of the selection of different mtDNA region or the use of different analytical algorithms (Hasanin and Ropiquet 2007) . Based on the cytochrome b region and sub-unit II of the cytochrome c oxidase (CO2), the Javan banteng is more related to B. frontalis when it is analyzed using Bayesian analyzers and more related to B. j. gaurus, B. j. sauveli and B. j. birmanicus if it is analyzed using the maximum parsimony approach (Hassanin and Ropiquet 2007) . Differences in the phylogenetic tree can also occur due to misleading in the analysis as a result of extreme genetic drift (Allendorf and Luikart 2007; Matsubayashi et al. 2014) , making it possible to occur in the analysis of Javan banteng which is in small populations status (Pudyatmoko 2007) . The results of this current study identify the molecular time divergence between the Javan banteng and the Bornean banteng is about 1.25 mya. This value is lower than the molecular time divergence identified in previous studies, which is circa 1.76 mya (Gardner 2014) . The Javan banteng is believed to be older than the Bornean banteng, which is found about 10 kilos years ago (kya) based on ancient records in a Cave in East Kalimantan (Gardner 2014) . This statement is contradicted to the records of Hogerwerf (1970) , who stated that the Javan banteng is found at 1000 BC in the Sampung Cave, Ponorogo. However, the age of the older Javan banteng makes sense if it is associated with the fossils of early Banteng (Bibos palaesondaicus) which are found in the Trinil area, Central Java and is assumed to have lived about one million years ago (mya) (Whitten et al. 1996) .
The phylogenetic position of the Javan banteng is separated from the other subspecies (B. j. lowi and B. j. birmanicus) . The results of the character comparison analysis between the DNA sequences from the three subspecies (without out-group) noted that there were 32.73% characters that varied, which was equal to 235 characters from the observed characters (718 bp). The separation of the three banteng subspecies found in this study is consistent and more corroborative to the findings of previous studies, which also illustrates that the phylogenetic position between three banteng subspecies in mainland Asia, Borneo and Java is separated in phylogenetic trees (Hassanin and Ropiquet 2007; Matsubayashi 2014; Gardner 2014) .
The fact about differences in phylogenetic position and molecular time distance is sufficiently far enough to prove that the Javan banteng (B. javanicus) is taxonomically different from the Bornean banteng (B. j. lowi) and the Cambodian banteng (B. j. birmanicus) at the subspecies level. Thus, it can be concluded that the debate about the certainty of taxonomic status, especially on the Javan banteng and the Bornean banteng, both of which live in Indonesia, is not over yet. The conservation implications that can be elaborated are that in its management, the two subspecies of banteng in Indonesia must be managed separately even though they belong to the same species.
Javan banteng is a member of the Bovidae group, which is known to be able to interbreed with other closely related species (Nijman et al. 2003) . With this ability, the Bovidae group often gets high intervention from humans, especially in terms of distribution and breeding. One example of intervention in the Bovidae group, including the banteng is Javan banteng, which was utilized as the broodstock of Balinese cattle, in other words, Balinese cattle are the result of the domestication of the Javan banteng (Nijman et al. 2003; Martojo 2012) . Another fact related to the potential of the Javan banteng as the parent of cattle breeds in Indonesia is that Madura cattle are known to carry the character of banteng mtDNA with similarities of 99.5% (Nijman et al. 2003) .
Information on the potential of Javan banteng as the ancestor for Bali cattle and their ability to interbreed between species in the Bovidae group triggers concern about the genetic purity of Javan banteng in the natural population (Sutarno and Setyawan 2016) . Furthermore, the fact that there were cattle that feed on grazing land in the conservation area also adds to concern about the genetic introgression by cattle on the Javan banteng in the natural population. Pudyatmoko et al. (2018) found around 1700 individuals of cattle use part of Baluran NP territory for their grazing land.
Regarding the genetic purity of the Javan banteng, the results of this study show that the whole Javan banteng (B. j. javanicus) sequences are in a different group from the species of cattle that are commonly raised in Indonesia (B. indicus and B. taurus) . Differences in genetic characteristics between the Javan banteng and the other two species of cattle are only 46 nucleotide characters or 6.41% of the total character of the examined nucleotide character. This founding shows that based on the sequences of mitochondrial DNA in the cytochrome-b and d-loop region, the Javan banteng in the natural population still has genetically pure or indicate no genetic introgression from domestic cattle. This statement is following the species concept that used genetic distance (divergence) of 5% to determine species in mammals (Baker and Bradley 2006) . The finding of genetic purity Javan banteng is also consistent with the genetic purity of Bornean banteng which lives in Sabah that is believed to has pure genetics still, and there had been no influence of genetic introgression from domesticated cattle, although they were found to coexist (Matsubayashi et al. 2014; Gardner 2014) .
The Javan banteng is proved to have no interaction with cattle in the natural population due to various causes. Banteng that was life in Ujung Kulon NP has no interaction with cattle because their habitat is very far from human settlement and activities. Banteng is known to be shy and tends to stay away from the location of human activity. In Alas Purwo NP, Javan banteng feels comfort at a distance of 15 km from roads, although it was not corroborative evidence (Imron et al. 2016) . In other conservation areas, the Javan banteng was investigated to have no interaction with cattle that live in the Baluran NP. The claim is based on the previous research that reported that the banteng in Baluran NP has never been captured by camera traps at the area occupied by settlement and livestock/ AOL (Pudyatmoko 2017) . In Meru Betiri NP, which has enclaves area inside, the banteng habitat has never been reported to be grazed by cattle. According to the local community, they believe that although their residential area overlaps with banteng habitat, there is no direct interaction between the Javan banteng and local cattle. They have never let the cattle use grazing area in the national park and keep their cattle in the captivity.
This study also found a small genetic distance between the Javan banteng and two species of cattle (B. indicus and B. taurus), which were 0.048 and 0.054, respectively. These results were equivalent to the previous research that found that genetic distance between Javan banteng and B. indicus was 0.055. Meanwhile, the genetic distance between Javan banteng and B. taurus was 0,052, based on the d-loop region (Wisesa et al. 2012) . Concerning that, the precautionary principle needs to be taken to maintain the genetic purity of the remaining Javan banteng. Nijman et al. (2003) stated that the opportunities for interbreeding would be an increase in species that have close genetic relationships and live in the same habitat. His statement had implicated there is a need for more intensive supervision on the areas that were used as shared habitats between Javan banteng and cattle as in Baluran NP. The previous research found that the area that was occupied by settlement and livestock, including cattle, is 5600 ha or 22% of the total terrestrial in Baluran NP (Pudyatmoko 2017; Pudyatmoko et al. 2018) .
